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Math at WOI'kI -

as akid, Ialways hked seelng how thmgs work ' While-eomputers-fdo_ much: of the: !
- math these days, we usecalculus §
for stress and motion: analysis, as.
well " as. vibration analysis, : fluid
flow, and héat analysm One of the : :
equatlons weuseis: . B _ (b} flx) =x*+1

I es1gn methods of controlhng turbme speed 502 turbme can'
j_"b .used to generate electric power, The turbine is pushed by R - fx) = (x — 2) () flx)=(x+ 27
_ steam. A valve is opened to let the steam in; and the speed of . L ORI P2 s ——— i .- 1 in Exercises 11-18§, find (a) the domain and (b) the range of the
the turbine is dictated by how much steam is allowed into the . Y +—=+ ghr = W’z TS 8’12- U John! flx) =

- 2 2 ) flx=1x—2 function.
systemi. Once 'the: turbine. s’ spinning it generates electricity, - : ST _ ; 3
which' runs- the pumps,. which determinie the: position of the' Thls isan energy balance equation. The 'y ' represent denslt : N Ix +2l (IT} Jlx) = —sinx 11. glx) = xz 12. f(x) = 35x = 202
valves In this’ way, the turbme actualiy controis its own speed -+ the oil, the v's represent flow velocity of the oil, the g’s re x)=e*—1 {i) flix}=1+cosx 13, gix) =x* + 2x + 1 14, h(x) = (x — 2)?+ 5
We use ol pressure to make all 6f this happen 011 cannot be -~ sent the force of gravity, and the A’s represent. the' height of v 2. R 15. g(x) = 3|x| + 8 16. k{x) = V4 —x%2 — 2
compressed, so: when, we push oil inside 4 tube, the 0it opens - i oil above the. point. where it exerts pressufe. The S“bgmpt 17. fix) = = - 18. k(x) = —t
the valve; which determlnes how much stear is pushing the - indicate these, quantlues at one point in the systemn, ‘and the sgh / 2 VO — x?
turbing: We nead the. pumps to push the oil, which controls the script. 2 s mdlcate these quantltles at another pomt in the System / In Exercises 19 and 20, graph the function, and state whether the func-
Opemng 01' ClOSng of the Valve The turbine’ needs to be able to ' LA 111ty L ALy tion is continvous at x = 0. If it is discontinuous, state whether the

~What thls equatlon means is that the: total energy at one p

_inthe system st equal the total i energy at another point in ;

* system. Thus; we kriow how much énergy is exerted against, 19, flx) = 23 20. k(x} = ixj 3 fﬁx z g
valve controls wherever they are Iocated 111 the system : v

geétto speed ina grven amount of tune as well as shut down fast dlscontmmty is removable or nonremovable.

: enough in case of emergency, and the opemng and closmg of
‘the valve controls this speed i

5 4, ¥ In Exercises 2124, find all {a) vertical asymptotes and (b) horizontal
asyniptotes of the graph of the function. Be sure to state your answers
) as equations of lines.
: 5 3x
/./1“1 . [ B T T S T 21.y=x2_5x 22.y=x_4
Tx E
23. y =~ 24. y=
Vi + 10 x+1
Reﬂectlons of Giraphs Across Axes 141 ' In ]?,xermses 25.m28,. graph the function and state the intervals on
6 which the function is increasing.
¥ . g 3
25-'y=% 28.y=2+|x—1|
\ x x2 -1
\, / 27.y= 28.y=
N 1—x2 -4
T T x I\k\/\w/l//l x L
In Exercises 29-32, graph the function and tell whether the function is
bounded above, bounded below, or bounded.
. 6.
29. f(x}) =x+sinx 30.glx) = —25—1—
y 8. y _ x
3L Ax)=5—¢ 32. k(x) = 1000
/ In Exercises 3336, use a grapher to find all (&} relative maximum
/ values and (b) relative minimum values of the function. Also state the
A AR L value of x at which each relative extremum occurs.
By=@x+1P—-7 34,y=x—3x
2+ 4 _ 4x
35. y = —TA}. 36. y= 2t 4
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is odd, even, or neither,

37,y = 3x% ~ 4]x| 38. y =sinx— a3

X
39.y=§

40. v = x cos (x}

In Exercises 4144, find a formula for £~ 1(x).
41, f(x) = 2x + 3 42, f(x) = Vx — 8

2 6
43, f(x) = = Sx) = ———
3.f(x) =~ 4.1 =
Exercises 45-52 refer to the function y = S{x) whose graph is given
below.

45. Sketch the graph of y = f(x) — 1.
46. Sketch the graph of y = f(x — 1).
47. Sketch the graph of v = f(—x).

48, Sketch the graph of y = —f(x).

49. Sketch z graph of the inverse relation.

50. Does the inverse refation define y as a function of x7
51. Sketch a graph of y = f(|xj}.

52. Define f algebraically as a piecewise function. [Hin: the pieces
are translations of two of our “basic” functions.]

In Exercises 53-58, let f(x) = Vx and let glx) = x2 — 4,

53. Find an expression for (fo g)(x) and give its domain.
54. Find an expression for (g o f£)(x) and give its domain.

55. Find an expression for (f¢)(x) and give its domain.

f

56. Find an expression for ( E)(x) and give its domain,

57. Describe the end behavior of the graph of y = f(x).
58. Describe the end behavior of the graph of y = f(g{x)).

In Exercises 59-64, write the specified quantity as a function of the
specified variable. Remember that drawing a picture will help.

59. Square Inscribed in a Circle A square of side s is inscribed
in a circle. Write the area of the circle as a function of 5.

In Exercises 37-40, graph the function and state whether the function

60. Circle Inscribed in a Square A circle is inscribed in 2 gqﬂ';
of side s. Write the area of the circle as a function of s.

61. Volume of a Cylindrical Tank A cylindrical tank with diy
eter 20 feet is partially filled with oil to a depth of } feet. Write
the volume of oil in the tank as a function of k. i

- Draining a Cylindrical Tank A cylindrical tank with diam,
ter 20 feet is filled with oil to a depth of 40 feet. The oil begins
draining at a constant rate of 2 cubic feet per second. Write th

volume of the oil remaining in the tank ¢ seconds later as a fu
tion of .

- Draining a Cylindrical Tank A cylindrical tank with dig :
ter 20 feet is filled with ol to a depth of 40 feet. The oil begins:
draining at a constant rate of 2 cubic feet per second. Write th

depth of the oil remaining in the tank r seconds later as a functig
of t.

64. Draining a Cylindrical Tank A cylindrical tank with dia
ter 20 feet is filled with oil to a depth of 40 feet. The oil beging:
draining so that the depth of oil in the tank decreases at a constay
rate of 2 feet per hour, Write the volume of oil remaining in th
tank ¢ hours later as a function of ¢,

65, U.S. Crude Gil Imports The imports of crude oil to the 1,
from Canada in the years 1995-2004 (in thousands of barrels
day) are given in Table 1.15.

Year Barrels/day x 1000
1995 1,040
1996 1,075
1997 1,198
1698 1,266
1999 1,178
2000 1,348
2001 1,356 °
2002 1,445
2003 1,549
2004 1,606

Source: Energy Information Administration, Petroleum Supply
Monthly, as reported in The World Almanac and Book of Facis 20

{a)} Sketch a scatter plet of import numbers in the right-hand col-
umn (y} as a function of years since 1990 (x). :

(b} Find the equation of the regression line and superimpose it 0
the scatter plot,

{c) Based on the regression line, approximately how many thou-

sands of barrels of oil would the U.S. import from Canada in:
2010?

7he winning times in the women’s 100-meter freestyle event at
he Summer Olympic Games since 1952 are shown in Table 1.16:

Time Year Time
1952 66.8 1980 5479
1936 62.0 1984 5592
1960 612 1988 54.93
1964 59.5 1992 54.04
1968 60.0 1996 54.50
1972 58.59 2000 53.83
1976 55.65 2004 53.84

gmtrce.‘ The Worid Almanac and Book of Facts 2008.

a) Sketch a scatter plot of the times (y) as a function of the years
=:(x) beyond 1900. (The values of x will run from 52 to 104.)

B) Explain why a linear model cannot be appropriate for these
< “times over the long texm.

{c) The points appear to be approaching a horizontal asymptote
L f y = 52. What would this mean about the times in this
Olympic event?

d) Subtract 52 from all the times so that they will approach an
L asymptote of y = 0. Redo the scatter plot with the new y-val-
ues. Now find the exponential regression curve and superim-
-pase its graph on the vertically-shifted scatter plot.
'“(é)"According to the regression curve, what will be the winning
time in the women’s 100-meter freestyle event at the 2008
‘Otympics?
« Inseribing a Cylinder Inside a Sphere A right circular
cylinder of radius » and height 4 is inscribed inside a sphere of
radius V'3 inches. i

.a) Use the Pythagorean Theorem to write A as a function of r.
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{b) Write the volume V of the cylinder as a function of 7.

{c) What values of r are in the domain of V?

(d) Sketch a graph of V{r) over the domain [0, V'3 ],

(e} Use your grapher to find the maximum volume that such a
cylinder can have.

Inscribing a Rectangle Under a Parabola A rectangle is

inscribed between the x-axis and the parabola v = 36 — x* with

one side along the x-axis, as shown in the figure below.

¥

(a} Let x denote the x-coordinate of the point highlighted in the
figure. Write the area A of the rectangle as a function of x.

(b) What values of x are in the domain of A?
(e} Sketch a graph of A(x) over the domain.

{d) Use your grapher to find the maximum area that such a rectangle
can have.




